Low-frequency modulations of the fluxes of magnetospheric charged particles are often observed in conjunction with geomagnetic pulsations. In some cases, the flux modulations depend on detector look direction even after effects arising from pitch angle anisotropy have been removed. For a detector on a spinning spacecraft, the look direction dependence creates flux modulations ordered by the spin phase angle, so the term 'spin phase dependence' provides a convenient description of the phenomenon considered in this paper. Spin phase dependence occurs only when the gyroradius of the detected particles (charge, q; energy, W) is comparable with some other characteristic length of the problem. In particular, spin phase dependence occurs when the particle gyroradius aL is comparable with h•_, the wavelength transverse to B. ATS 6 and GEOS have provided examples of this type of 'finite gyroradius' effect. Wave-related spin phase dependence may also arise with aL << X•_. For example, a wave convecting a steep spatial gradient in the particle density n(g0 back and forth creates spin phase dependent flux oscillations if ar = n(W)/IVn(W)l. This situation is described and related to ISEE boundary wave studies. Gyration acceleration, i.e., acceleration by the wave electric field E, leads to spin phase dependence of the flux of particles for which ar = W/3'qE, where 3' is the power law coefficient of the differential particle flux, again without any restriction to short wavelengths. Some OGO 5 and ISEE wave analyses have relied on this type of spin phase dependence. Gyration acceleration has also been invoked to explain particle pulsations seen on the nonspinning ATS 6 spacecraft, albeit in circumstances where the spin dependence cannot be checked. Finally, spin phase dependences may be produced by large-scale standing wave structure parallel to the ambient magnetic field, an effect which appears in some ISEE particle data.
INTRODUCTION
The signatures of low-frequency magnetic pulsations have been extensively classified and analyzed by using data from both ground-based and spacecraft magnetometers (see references in Southwood [1980] . Theoretical work has stressed that particle flux depends on the recent past history of the particle as it bounces and drifts through the large-scale structure characteristic of low-frequency waves [Southwood and Kivelson, 1981, 1982] . The wave-associated particle fluxes may exhibit behavior which depends on particle species, energy and pitch angle, and also on detector orientation (Suet al. [1980] and Kremser et al. [1981] , for example). Different aspects of this complex particle behavior have been used to establish wave properties not directly measured. For example, the wave electric field [Kivelson, 1976; Kokubun et al., 1977; Hughes et al., 1978] , the harmonic structure along the field line [Kokubun et al., 1977; Singer and Kivelson, 1979] , the amplitude of transverse wave displacement [Hughes et al., 1979] , and the azimuthal wavelength of a pulsation [Suet al., 1980] have all been inferred which provided a graphical approach to the interpretation of wave-particle interactions [Southwood and Kivelson, 1982] .
Because our emphasis is on what a spacecraft-borne detector would observe, we adopt a model of a spinning spacecraft for which the look direction of the particle detector varies periodically as the spacecraft spins. We consider the conditions under which low-frequency waves may cause the particle fluxes to be modulated at the spacecraft spin frequency or its harmonics. The dependence on look direction may also be identified in measurements made by fixed detectors oriented at different angles with respect to the magnetic field, but even in this case we refer to the variations as spin phase dependence.
The hypothetical spacecraft of our analysis is idealized by assuming that its spin axis $ is either parallel or perpendicular to the local magnetic field (Figure 1) . We describe the ways in which spin phase dependence is produced in each of these special geometries, but for arbitrary spin orientation some combination of the different modulation processes is possible. We shall assume that the particle gyroperiod is much shorter than the spacecraft spin period throughout. SPIN dependence in low-frequency magnetospheric waves can arise in several different ways, all of which require that the particle's Larmor radius aL be close in magnitude to some characteristic length that need not be the wavelength. The importance of the Larmor radius is illustrated in Figure 2 , which shows schematically that a spinning detector samples distributions of particles whose gyrocenters fall on a circle at a distance aL from the spacecraft. Measurements 180 ø apart in spin sample distributions with centers of gyration separated by 2aL.
In the presence of a wave of wavelength X_•, measured in a direction perpendicular to the ambient magnetic field B, spin phase dependence is expected in the fluxes of particles with aoe = 0(X_L). The flux j depends on the particle's energy and pitch angle, W and a, respectively, the spatial location of the spacecraft r, the spin phase angle (b, and the time t. We assume the spacecraft spin period (2½r/fi) is short compared with the periods of the low-frequency waves we have in mind. Then in the linear approximation with (b = fit, we Consider a spinning spacecraft located near the equator at the first node on the right side. In one spacecraft spin period, the detector looks both up and down. Looking up, it registers ions that have been accelerated while traversing the accelerating electric field in the last half cycle of the wave. Looking down, the detector registers particles that have been decelerated in the last half cycle of the wave, also by the wave electric field. Superimposed on second harmonic modulations related to pitch angle anisotropy, acceleration in the wave electric field provides modulation at the fundamental spacecraft spin frequency. The phase of the peak will shift by 180 ø as the wave moves by the spacecraft.
An example of spin-modulated ion data where part of the anisotropy recorded is due to anisotropic fluxes parallel and antiparallel to the magnetic field direction is shown in Figure  13 (adapted from data kindly provided by T. A. Fritz). We show the count rate from a detector measuring ions with energies in the range 44.5-65.5 keV on the spinning spacecraft ISEE 1. The detector and its operation are described by Williams et al. [1978] . The situation in this particular instance is more complicated than the idealized situation we have described. The detector scans up and down through all angles with respect to the spin axis every 72 s. The scanning produces its own modulation of the count rate, but it is clearly distinguishable from the faster 3-s spin modulation that disappears only at points in the scan where the detector is pointed nearly parallel or antiparallel to the spin axis.
In the data shown in Figure 13 , arrows indicate where the look direction is rotating in a plane containing the magnetic field vector. At these times the count rate is clearly oscillating at the spin frequency, not a harmonic of it, and so the modulation is not due to pitch angle anisotropy. Although , and thus the data show evidence of bounce phase structure in the energetic particle distribution that has been induced by the magnetotail vortex event.
DISCUSSION
We have given examples of spin phase dependence evident in data obtained by a spinning detector or by fixed detectors oriented differently relative to the propagation direction of a low-frequency wave in the magnetosphere. Processed data may contain analogous information. For example, data on plasma flow which have led Hones et al. [1978, 1981] to describe large-scale vortices in the magnetotail may not immediately appear to be examples of spin phase dependence, but the flow rotations correspond to quasi-periodic changes in the first moment of the distribution. At a particular phase of the passage of a single vortex, more particles reach the detector at one phase of its spin than at others. This type of spin phase dependence, an example of gyration acceleration discussed above, is interpreted as plasma flow, and the changing direction of peak flux leads to the vortex description.
Finally, it is important to emphasize that although we have discussed only those wave-related perturbations that modulate particle fluxes at frequencies associated with detector spin, other effects must be considered as well. Wave-related processes modulate the spin-averaged fluxes [Southwood and Kivelson, 1981] . For example, a particle drifting across a wave electric field as a consequence of magnetic gradients and field curvature is adiabatically accelerated and decelerated over many gyroorbits, an effect which causes flux modulation at the wave period. Radial convection over distances large compared with aL by wave electric fields can also create flux modulations. In either case, our simple models of flux oscillations produced as a wave consisting of regions of high and low density carries them by the spacecraft or of flux oscillations produced by acceleration within the last gyroorbit before detection must be properly placed in the context of wave-related effects on spatial scales larger than aL and time scales longer than a gyroperiod. or W(keV) •< 180f. We conclude that spin phase modulation resulting from gyroacceleration will typically be present in ion fluxes at energies below about 1 keV in Pc 3 to Pc 5 (f = 0.002-0.02 Hz) waves. At higher frequencies, the spin period ,nay become comparable with the wave period, and our analysis of gyration would be inapplicable.
